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FOREWORD 
T h i s  i s  t h e  f i n a l  r e p o r t  cove r ing  t h e  d e s i g n ,  t e s t ,  and docu- 
m e n t a t i o n  of  a 1 - E - 7 5  s p i n  motor  f o r  t he  S c o u t  v e h i c l e .  The program was 
a u t h o r i z e d  under  P u r c h a s e  O r d e r  P-110534 AER from t h e  Vought A s t r o n a u t i c s  
D i v i s i o n  of Ling-Temco-Vought, I n c .  The d a t e  of  c o n t r a c t  e f f e c t i v i t y  and 
program i n c e p t i o n  was J a n u a r y  29,  1965. A l l  t e s t  work was completed by 
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The MARC 36A1, 1-KS-75 c o n t r o l  r o c k e t  was d e s i g n e d  and t e s t e d  t o  
d e m o n s t r a t e  i t s  s u i t a b i l i t y  f o r  u s e  as  a s p i n  moto r  o n  t h e  S c o u t  s p a c e  
p r o b e s .  G r a i n  d e s i g n  and motor  b a l l i s t i c s  were v e r i f i e d  i n  a se r ies  of  35 
heavywal l  motor f i r i n g s .  Twenty- four  f l i g h t w e i g h t  m o t o r s  were t h e n  s t a t i c -  
f i r e d  t o  conc lude  a f o r m a l  n ine-motor  development program and a 15-motor 
P r e f l i g h t  R a t i n g  (PFRT) program. 
e n v i r o n m e n t a l  t e s t s  o f  v i b r a t i o n ,  shock, a c c e l e r a t i o n ,  and d r o p  b e f o r e  
f i r i n g .  Four  of t h e s e  s i x  u n i t s  were s p e c i f i c a l l y  d e s i g n a t e d  a s  Q u a l i f i -  
c a t i o n  Test  m o t o r s ;  t h e  o t h e r  two, having  d i s c r e p a n t  p r o p e l l a n t  w e i g h t s ,  
were d e s i g n a t e d  a s  backup env i ronmen ta l  t e s t  u n i t s .  
S i x  of t h e  PFRT moto r s  were s u b j e c t e d  t o  
The h i g h - i m p u l s e  pe r fo rmance  r e q u i r e d  o f  t h e  MARC 36A1 motor  
w a s  a c h i e v e d  w i t h  a h i g h - e n e r g y  a lumin ized  p l a s t i s o l  p r o p e l l a n t ,  e x t r u d e d  
i n  a k e y - h o l e  g r a i n  c o n f i g u r a t i o n  a f f o r d i n g  a h i g h  l o a d i n g  d e n s i t y .  
r a t e  problems encoun te red  e a r l y  i n  heavywal l  deve lopment  were r e s o l v e d  
th rough  t i g h t  c o n t r o l  o f  t h e  p r o p e l l a n t ' s  weighted  a v e r a g e  o x i d i z e r  p a r t i c l e  
s i z e .  The o r i g i n a l  ny lon-epoxy i n h i b i t o r  was r e p l a c e d  w i t h  a n  epoxy-impreg- 
n a t e d  c o t t o n  sleeve t o  p r e v e n t  i n h i b i t o r  b reakup  and d i s c h a r g e  d u r i n g  motor  
o p e r a t i o n .  To p r e v e n t  o v e r h e a t i n g  o f  the f l i g h t w e i g h t  motor c a s e ,  a r u b b e r -  
based  i n s u l a t i n g  b a r r i e r  was l a t e r  added o v e r  t h e  keyway s l o t  i n  t h e  g r a i n .  
Burning 
A t  t h e  end o f  heavywal l  deve lopment ,  t h e  o n l y  b a l l i s t i c  p a r a m e t e r  
f a i l i n g  t o  m e e t  i t s  d e s i g n  c r i t e r i a  was p r o g r e s s i v i t y  r a t i o .  R a t i o s  below 
t h e  1.3-maximum l i m i t ,  however,  were c o n s i s t e n t l y  o b t a i n e d  i n  f l i g h t w e i g h t  
m o t o r s .  A l l  PFRT b a l l i s t i c  d a t a  were w i t h i n  s p e c i f i c a t i o n  l i m i t s ,  e x c e p t  
f o r  random i g n i t i o n  t h r u s t  v a l u e s  i n  excess  o f  70 pounds.  The motor was 
a c c e p t e d  f o r  s e r v i c e  u s e  on  t h e  b a s i s  o f  Q u a l i f i c a t i o n  and PFRT t e s t  r e s u l t s ,  
1 
2, MOTOR DESIGN . 
2 . 1  GENERAL DESCRIPTION 
The MARC 36A1 s o l i d - p r o p e l l a n t  c o n t r o l  r o c k e t  i s  used  f o r  a p p l y i n g  
s p i n  f o r c e s  t o  t h e  f o u r t h  s t a g e  and payload  o f  NASA’s S c o u t  and t h e  A i r  
F o r c e ‘ s  Blue Scou t  s p a c e  p r o b e s .  
pound and measu res  6 - 8 6  i n c h e s  i n  o v e r - a l l  l e n g t h  and 1 . 5 3  i n c h e s  i n  o u t s i d e  
d i a m e t e r .  A t  77OF and vacuum, i t  b u r n s  f o r  a p p r o x i m a t e l y  1 . 0  s e c o n d ,  d e l i -  
v e r i n g  a t o t a l  impu l se  o f  more t h a n  75 pound-seconds .  A pho tograph  o f  a n  
assembled  MARC 36A1 r o c k e t  i s  p r e s e n t e d  i n  F i g u r e  1; a c r o s s  s e c t i o n a l  
s c h e m a t i c  i s  shown i n  F i g u r e  2 .  
F u l l y  a s sembled ,  t h e  motor  weighs  0 .85  
2 2 PROPELLANT GRA1.N 
2 . 2  e 1 P r o p e l l a n t  F o r m u l a t i o n  
The MARC 36A1 r o c k e t  motor  u s e s  a p roven  a l u m i n i z e d  p l a s t i s o l  
compos i t e  p r o p e l l a n t ,  A r c i t e  427B, t o  p r o v i d e  t h e  h i g h  ene rgy  r e q u i r e d  f o r  
s p e c i f i c a t i o n  pe r fo rmance .  T h i s  p r o p e l l a n t  d e l i v e r s  a vacuum s p e c i f i c  i m p u l s e  
of  258 l b - s e c / l b  w i t h  a n o z z l e  e x p a n s i o n  r a t i o  o f  2 1 . 3  and a chamber p r e s s u r e  
of  950 p s i a .  
i n  T a b l e  I .  
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The f i r s t  b a t c h  o f  Arc i t e  427B p r o p e l l a n t  y i e l d e d  u n a c c e p t a b l y  
low b u r n i n g  ra tes  i n  e a r l y  h e a v y w a l l  motor  f i r i n g s .  Two c o r r e c t i v e  measures  
were i n i t i a l l y  c o n s i d e r e d :  (1) i n c r e a s i n g  chamber p r e s s u r e  t h r o u g h  a r e d u c -  
t i o n  i n  n o z z l e  t h r o a t  a r e a ;  ( 2 )  t a i l o r i n g  t h e  b a s i c  Arc i te  427B formu- 
l a t i o n  t o  a c h i e v e  a h i g h e r  mat r ix  b u r n i n g  ra te  a t  t h e  m o t o r ' s  d e s i g n  o p e r a t i n g  
p r e s s u r e .  The f i r s t  s o l u t i o n  was r e j ec t ed  b e c a u s e  o f  a r e q u i r e m e n t  t o  
m a i n t a i n  a minimum motor  c a s e  s a f e t y  f a c t o r  o f  2 . 0 .  Copper c h r o m i t e ,  a common 
b u r n i n g  r a t e  a c c e l e r a t o r ,  was t h u s  added t o  t h e  p r o p e l l a n t  c o m p o s i t i o n .  
Two v a r i a t i o n s  o f  t h e  m o d i f i e d  p r o p e l l a n t  were f o r m u l a t e d  and t e s t e d .  
The f i r s t ,  d e s i g n a t e d  Arc i te  486 ,  c o n t a i n e d  a 0 . 0 6  p e r  c e n t  by w e i g h t  a d d i -  
t i v e  o f  copper  c h r o m i t e ;  t h e  second,  Arc i te  486A, c o n t a i n e d  0.05 p e r  c e n t  
c o p p e r  c h r o m i t e .  
d i f f e r e d :  53 m i c r o n s  i n  A r c i t e  486 and 120 m i c r o n s  i n  Arc i te  486A. Motor  
b u r n i n g  r a t e s  were a p p r o x i m a t e l y  25 p e r  c e n t  h i g h  w i t h  Arc i t e  486 and 10 
per  c e n t  l o w  w i t h  Arc i t e  486A. I n  a d d i t i o n ,  s p e c i f i c  i m p u l s e  v a l u e s  were 
2 t o  6 p e r  c e n t  lower  t h a n  w i t h  t h e  o r i g i n a l  A r c i t e  427B. These  r e s u l t s  
i n d i c a t e d  t h a t  t h e  c o p p e r  c h r o m i t e  a c c e l e r a t o r  was i n t r o d u c i n g  a p p r e c i a b l e  
v a r i a t i o n s  i n  t h e  b a l l i s t i c  p r o p e r t i e s  o f  t h e  b a s i c  f o r m u l a t i o n .  
Weighted a v e r a g e  o x i d i z e r  p a r t i c l e  s i z e s  (5 ) a l s o  
W 
A second b a t c h  o f  A r c i t e  427B w a s  t h e n  f o r m u l a t e d  w i t h  a r e d u c e d  - 
D o f  5 3  microns .  T h i s  b a t c h  a f f o r d e d  s p e c i f i c a t i o n  motor  p e r f o r m a n c e  i n  
a l l  remaining heavywal l  and f l i g h t w e i g h t  motor  f i r i n g s .  I t  was concluded  
t h a t  A r c i t e  427B was a n  a c c e p t a b l e  p r o p e l l a n t  f o r  t h e  MARC 36A1 m o t o r ,  b u t  
t h a t  t i g h t  c o n t r o l  o f  o x i d i z e r  5 S t r a n d  b u r n i n g  r a t e  
c u r v e s  f o r  t h e  s u c c e s s f u l  b a t c h ,  Number 2808,  a re  shown i n  F i g u r e  3. 
W 
would b e  n e c e s s a r y .  
W 
2 2 . 2  G r a i n  C o n f i g u r a t i o n  
In  i t s  f i n a l  d e s i g n ,  t h e  A r c i t e  427B p r o p e l l a n t  g r a i n  i s  e x t r u d e d  
i n t o  t h e  i n t e r n a l  b u r n i n g ,  k e y - h o l e  c o n f i g u r a t i o n  shown i n  F i g u r e  4 .  The 
o r i g i n a l l y  proposed d e s i g n ,  however ,  w a s  a c e n t r a l l y  p e r f o r a t e d  , s l o t t e d -  t u b e  
c o n f i g u r a t i o n  ( F i g u r e  5 ) .  
a d j u s t i n g  the b u r n i n g  s u r f a c e  t o  o b t a i n  t h e  d e s i r e d  p r e s s u r e -  t i m e  r e s p o n s e .  
The p r o g r e s s i v e - b u r n i n g  c y l i n d r i c a l  p e r f o r a t i o n  c o u n t e r a c t s  t h e  r e g r e s s i v e  
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Figure 3. Strand Burning Rate Data Arcite 427B, Batch 2808. 
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b u r n i n g  of t h e  s l o t s ;  t h u s ,  t h e  s u r f a c e  a r e a  p r o f i l e  c a n  b e  e a s i l y  v a r i e d  ' 
by a l t e r i n g  t h e  d e p t h s  o f  t h e  p e r f o r a t i o n .  
The s l o t t e d - t u b e  g r a i n ,  however,  proved t o  have two s i g n i f i c a n t  
drawbacks: (1) i t  w a s  n o t  e x t r u d a b l e  and had t o  b e  c a s t ;  ( 2 )  s l o t t i n g  
t h e  g r a i n  was d i f f i c u l t  b e c a u s e  of  t h e  t h i n  s t r i p  of p r o p e l l a n t  between 
t h e  s l o t s .  S e v e r a l  g r a i n  d e s i g n s  were c o n s i d e r e d  a f t e r  r e j e c t i o n  o f  t h e  
s l o t t e d - t u b e  c o n f i g u r a t i o n .  The low p r o p e l l a n t  s l i v e r  r e q u i r e d  t o  meet 
t h e  0.200-second maximum t a i l o f f  t i m e  e l i m i n a t e d  most c a n d i d a t e s .  Only 
g r a i n  d e s i g n s  w i t h  b o t h  a c y l i n d r i c a l  c e n t e r  p e r f o r a t i o n  and a s l o t  were 
found c a p a b l e  o f  meet ing  a l l  b a l l i s t i c  r e q u i r e m e n t s .  The k e y - h o l e  g r a i n  
w a s  t h u s  s e l e c t e d  a n d  d e v e l o p e d .  T h i s  g r a i n  i s  e a s i l y  e x t r u d e d  t o  i t s  
f i n a l  c o n f i g u r a t i o n ,  r e q u i r i n g  o n l y  c u t t i n g  t o  l e n g t h  and i n h i b i t i n g  b e f o r e  
motor  assembly .  
2 . 3  INHIBITING SYSTEM 
2 .3 .1  G e n e r a l  D e s c r i p t i o n  
The p r o p e l l a n t  g r a i n  i s  f u l l y  i n h i b i t e d  on  i t s  o u t s i d e  c i rcum-  
f e r e n c e  and a f t  end ,  and p a r t i a l l y  i n h i b i t e d  on  i t s  forward  end.  A t h e r m a l  
b a r r i e r  over t h e  keyway s l o t  i n  t h e  g r a i n  p r o t e c t s  t h e  motor  case from 
d i r e c t  exposure t o  h i g h - t e m p e r a t u r e  combust ion  p r o d u c t s .  F i g u r e  6 d e p i c t s  
t h e  i n h i b i t e d  k e y - h o l e  g r a i n .  
Components and mater ia l s  i n  t h e  f i n a l  i n h i b i t i n g  s y s t e m  a r e  a s  
f o l l o w s :  
a .  A c o t t o n  s t o c k i n e t t e  c i r c u m f e r e n t i a l  i n h i b i t o r  impregnated  
w i t h  t i t a n i u m - d i o x i d e - f i l l e d ,  EP-12 epoxy-polyamide r e s i n  
(1) S t o c k i n e t t e  - Number 2 W h i t e  C o t t o n  S u r g i t u b e  manu- 
f a c t u r e d  by t h e  S u r g i t u b e  P r o d u c t  C o r p o r a t i o n ,  
Bronx , N e w  York ~ 
(2 )  EP-12 R e s i n  - Composed of  6 0  p e r  c e n t  Genepoxy 196 
and 40 per c e n t  Versamid 140, b o t h  p r o d u c t s  o f  t h e  
G e n e r a l  M i l l s  Chemica l  D i v i s i o n .  
444745 
V-44 Thermal B a r r i e r  r 
A cl 
SECTION A - A  
Figure 6. Inhibited Key-Hole Grain With Thermal Barrier. 
1 . 4 6  Diameter  \ 
I 
A r c i t e  427B. Key-Hole 
P r o p e l l a n t  Grain  
5 /8-Inch Vent H o l e s  
iri I n h i b i t o r  
C o t t o n  S t o c k i n e t t e  Impregnated with 
Ti tanium - D i o x i d e - F i l l e d  Epoxy 
Pol  yam1 de 
3 . 5 7  Max. -4i Neoprene Foam Washer Gum Rubber Washer 
Figure 7. Inhibited Key-Hole Grain Before 
Addition of Thermal Barrier. 
11 
(3)  T i t a n i u m  D i o x i d e  F i l l e r  - Manufac tured  by E .  I .  duPont  
d e  Nemours and Co. ,  and c e r t i f i e d  t o  F e d e r a l  S p e c i f i c a -  
t i o n  TTP-442, Type 111, Grade A .  
b .  An a f t - e n d  washer  press -molded  from gum r u b b e r  s t o c k  manu- 
f a c t u r e d  by t h e  S c h e n u i t  Rubber Company and c e r t i f i e d  t o  
MIL-STD-4.17, Type R ,  C l a s s  RN o r  RS 510-4 .  
c .  A head-end washer  composed of  neoprene  foam r u b b e r  manu- 
f a c t u r e d  by Rubatex  C o r p o r a t i o n ,  Bedford ,  V i r g i n i a ,  and 
c e r t i f i e d  t o  MIL-C- 3133, G r a d e  SCE3. 
d .  A t h e r m a l  b a r r i e r  of  Gen-Gard V-44, a p r o d u c t  of  t h e  
G e n e r a l  T i r e  and Rubber Company composed o f  a b u t a d i e n e -  
a c r y l o n i t r i l e  (Buna-N) r u b b e r  c o n t a i n i n g  h y d r a t e d  s i l i c a ,  
a s b e s t o s  f i b e r s ,  r e i n f o r c i n g  r e s i n ,  a p l a s t i c i z e r ,  and 
a n  a n t i o x i d a n t  ( p l u s  o t h e r  p r o p r i e t a r y  p r o c e s s i n g  and v u l c a n -  
i z i n g  a g e n t s )  I 
2 . 3 . 2  C i r c u m f e r e n t i a l  I n h i b i t o r  
The o r i g i n a l  c i r c u m f e r e n t i a l  i n h i b i t o r  c o n s i s t e d  o f  a n y l o n  s leeve  
impr egna t ed w i  t h  t i  t anium- d i o x i d  e- f i 1 l e d  , e poxy - polyamide r e s i n  e 
o f  t h i s  s l e e v e ,  however ,  proved q u i t e  t i m e  consuming.  A s i m i l a r l y  impreg-  
n a t e d ,  preformed c o t t o n  s t o c k i n e t t e  and a n  epoxy-bonded L a t e x  r u b b e r  s leeve  
were t h u s  t e s t e d  as  c a n d i d a t e  r e p l a c e m e n t s .  
L a t e x  i n h i b i t o r  proved t o  be  o f  m a r g i n a l  s t r u c t u r a l  i n t e g r i t y .  I n  t h r e e  
o f  s e v e n  heavywall  motor f i r i n g s ,  p i e c e s  o f  L a t e x  were e j e c t e d  t h r o u g h  t h e  
n o z z l e .  Subsequent  h e a v y w a l l  and f l i g h t w e i g h t  m o t o r s  t h e r e f o r e  i n c o r p o r a t e d  
t h e  c o t t o n  s t o c k i n e t t e  i n h i b i t o r .  
Ap p 1 i c a  t i o  n 
Although e a s i e r  t o  p r o c e s s ,  t h e  
Nominal t h i c k n e s s  o f  t h e  impregnated  c o t t o n  s l e e v e  i s  0 .015  i n c h .  
The t i t a n i u m  d i o x i d e  c o m p r i s e s  a 5 per  c e n t  by w e i g h t  a d d i t i v e  t o  t h e  EP-12 
r e s i n .  AS 4 w h i t e  s o l i d ,  i t  b o t h  enhances  t h e  h i g h - t e m p e r a t u r e  p r o p e r t i e s  
of  t h e  i n h i b i t o r  and r e f l e c t s  r a d i a n t  h e a t .  
E a r l y  i n  deve lopment ,  t h e  c o t t o n  s t o c k i n e t t e  was s a t u r a t e d  w i t h  
EP-54 ( 6 0 / 4 0 ,  Versamid/Genepoxy) and t h e n  c o a t e d  ( e , g . ,  n o t  i m p r e g n a t e d )  
w i t %  t i t a n i u m  d i o x i d e  powder. I n  f o u r  heavywal l  motor f i r i n g s  w i t h  t h i s  
sys t em,  o n e  p r e s s u r e - t i m e  t r a c e  i n d i c a t e d  t h a t  i n h i b i t o r  p a r t i c l e s  had 
been  e x p e l l e d  t h r o u g h  t h e  n o z z l e  n e a r  web b u r n o u t .  The epoxy-polyamide 
f o r m u l a t i o n  was t h e n  changed from EP-54 t o  EP-12 t o  a f f o r d  g r e a t e r  s t r e n g t h  
and improved h i g h - t e m p e r a t u r e  p r o p e r t i e s .  A s b e s t o s  f i b e r s  were  i n i t i a l l y  
used as  t h e  f i l l e r  mater ia l  t o  add mass a n d  p r o v i d e  improved mechan ica l  
p r o p e r t i e s  a t  h i g h  t e m p e r a t u r e s .  F i r i n g  r e s u l t s ,  however,  a g a i n  showed 
e v i d e n c e  o f  i n h i b i t o r  d i s c h a r g e s  n e a r  end of t a i l o f f .  The f i n a l  c i rcum-  
f e r e n t i a l  inhibitor was t h e n  developed  and s u c c e s s f u l l y  t e s t e d .  The 
a s b e s t o s  s t a p l e s  were r e p l a c e d  w i t h  t i t a n i u m  d i o x i d e  powder,  a p p l i e d  
n o t  as  a s u r f a c e  c o a t i n g ,  b u t  premixed wi th  t h e  EP-12 r e s i n .  
2 . 3 . 3  A d d i t i o n  of Theimal B a r r i e r  
F o r  heavywal l  motor f i r i n g s ,  v e n t  h o l e s  were d r i l l e d  th rough  
t h e  impregnated  c o t t o n  s t o c k i n e t t e  a l o n g  the l e n g t h  o f  t h e  g r a i n  a d j a c e n t  
t o  t h e  keyway s l o t .  T h i s  sys t em p e r m i t t e d  e x h a u s t  g a s e s  t o  pass r a p i d l y  
from t h e  i n t e r n a l  t o  t h e  e x t e r n a l  p o r t  and, t h u s ,  t o  e q u a l i z e  chamber p r e s s u r e  
t h r o u g h o u t  t h e  motor .  When t h i s  d e s i g n  ( F i g u r e  7 )  w a s  used i n  t h e  f i r s t  two 
f l i g h t w e i g h t  motor f i r i n g s ,  b o t h  H - 1 1  s t e e l  mo to r  cases o v e r h e a t e d  i n  l i n e  
w i t h  t h e  keyway s l o t  and r u p t u r e d .  ( S e e  F i g u r e  8.) F a i l u r e  a n a l y s i s  i n d i -  
c a t e d  t h a t  t h e  i n h i b i t o r  a l lowed  t h e  c a s e  t o  b e  s u b j e c t e d  t o  f lame temper- 
a t u r e  i n  e x c e s s  o f  5000'F. I t  was a l so  concluded t h a t  t h i s  would have  
o c c u r r e d  e v e n  w i t h o u t  t h e  v e n t  h o l e s ,  s i n c e  t h e  c o t t o n  o v e r  t h e  s l o t  b u r n s  
away s h o r t l y  a f t e r  i g n i t i o n .  The maximum w a l l  t h i c k n e s s  o f  t h e  H-11 s t e e l  
i s  . o n l y  0 . 0 3 0  i n c h .  Under d i r e c t  f l ame  exposure ,  i t  c a n n o t  a b s o r b  o r  d i s s i -  
p a t e  s u f f i c i e n t  h e a t  t o  m a i n t a i n  t h e  s t r e n g t h  r e q u i r e d  t o  w i t h s t a n d  950 
p s i a  f o r  1 second .  
A c i r c u m f e r e n t i a l  i n h i b i t o r  was t h u s  deve loped  which would c o n f i n e  
combus t ion  c o m p l e t e l y  w i t h i n  i t s  p e r i m e t e r .  B a l l i s t i c  c a l c u l a t i o n s  showed 
t h a t  i m p u l s e  r e q u i r e m e n t s  cou ld  be met i f  a t h i n ,  120-degree  c r e s c e n t  o f  
p r o p e l l a n t  w a s  removed from t h e  o u t s i d e  g r a i n  s u r f a c e ,  a s  d e p i c t e d  below: 
' 9554- 1 
a5163 
Figure 8. Ruptured Motor Cases f rom Flightweight Development 
Firings LTV-2 and LTV-3. 
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. 0 5 0  In, 
The p r o p e l l a n t  i n  t h i s  a r e a  was t h e n  r e p l a c e d  w i t h  a t h e r m a l  b a r r i e r ,  bonded 
be tween t h e  p r o p e l l a n t  and t h e  impregnated  c o t t o n  s l e e v e .  
Sample s t r i p s  o f  two c a n d i d a t e  m a t e r i a l s  - -  Gen-Gard V - 4 4  and 
Dow Corn ing  325  - -  were molded i n t o  t h e  r e q u i r e d  c r e s c e n t  shape .  Molding 
c o n d i t i o n s  f o r  t h e  Gen-Gard V-44 were 30 minutes  a t  900 p s i  and 3 1 5 ° F ;  f o r  
t h e  Dow Corn ing  3 2 5 ,  5 m i n u t e s  a t  900 p s i  and 300°F. The V-44  s t r i p s  were  
bonded t o  g r a i n s  w i t h  t h e  same EP-12 epoxy-polyamide r e s i n  used t o  impreg- 
n a t e  t h e  c o t t o n  s t o c k i n e t t e  i n h i b i t o r .  A spec ia l  Dow Corn ing  bonding  a g e n t  - -  
Number 92-018 Aerospace  Adhes ive ,  however,  w a s  r e q u i r e d  f o r  t h e  S i l i c o n e  3 2 5 .  
Both b a r r i e r  materials were t h e n  e v a l u a t e d  i n  heavywal l  and 
f l i g h t w e i g h t  motor f i r i n g s .  T h r u s t - t i m e  r e c o r d s  f rom moto r s  w i t h  S i l i c o n e  325  
b a r r i e r s  were s l i g h t l y  e r r a t i c .  F u r t h e r ,  t h e  V - 4 4  b a r r i e r  proved e a s i e r  t o  
i n s t a l l  and l e s s  c o s t l y .  F l i g h t w e i g h t  case  s k i n  t e m p e r a t u r e s  were s i g n i f i -  
c a n t l y  r e d u c e d  by b o t h  m a t e r i a l s .  Thermocouple d a t a  f rom m o t o r s  w i t h  and 
w i t h o u t  t h e r m a l  b a r r i e r s  a r e  compared i n  Table  11. On t h e  b a s i s  o f  t h e s e  
r e s u l t s ,  t h e  Gen-Gard V - 4 4  was s e l e c t e d  € o r  i n c o r p o r a t i o n  i n t o  t h e  f i n a l  
motor d e s i g n .  
2 . 3 . 4  End Washers  
Both end washe r s  a re  bonded t o  t h e  p r o p e l l a n t  s u r f a c e  w i t h  EP-12 
epoxy-polyamide  r e s i n .  (See  F i g u r e  9 . )  The n e o p r e n e  washer  a t  t h e  head end 
serves m a i n l y  a s  a s p a c e r  t o  t r a p  t h e  g r a i n  i n  t h e  moto r .  I n i t i a l l y ,  a n y l o n  
s c r i m  d i s c  permeated  w i t h  E p - 5 4  r e s i n  was used  a t  the a f t  end .  To avo id  the 
p o s s i b i l i t y  o f  f r a g m e n t a t i o n ,  t h i s  r i g i d  d i sc  w a s  l a t e r  r e p l a c e d  w i t h  a more 
f l e x i b l e  n a t u r a l  r u b b e r .  
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I Time I Motor 1 Motor Number  Temperature (‘F) 
Table 11. Comparison of Motor Skin Temperatures 
With and Without Thermal Barrier. 
Case Temperatule VF)  
T/C 1 I T/C 2 I T/C 3 
a 5 3 9 4  
WITHOUT THEIFilAL BARRIER 
LTV -2 77 Igni t ion 70 70 70 








Igni t ion 73 73 73 
0.568 sec* 288 258 73 
W I T H  T ” U L  BARRIER 
Igni t ion 
Web Burnout 
13.0 aec 
Igni t ion 
Web Burnout 
16.0 aec 












* T i m  of Failure 
* Affected by nozzle burn-through 
Th e rmo coup1 e Lo c a t  i on s 

























2 . 4  HARDWARE 
The motor  case i s  f a b r i c a t e d  from h i g h - s t r e n g t h  H - 1 1  s t e e l ,  
w i t h  D6A s t e e l  p e r m i t t e d  a s  a n  a l t e r n a t e  m a t e r i a l .  Requ i red  u l t i m a t e  t e n s i l e  
s t r e n g t h  a f t e r  h e a t  t r e a t  i s  between 220,000 and 240 ,000 p s i .  
i g n i t e r ,  i n t e g r a t e d  i n t o  t h e  m o t o r ' s  head  c l o s u r e ,  i s  h e l d  i n  t h e  motor  by 
twelve s p r i n g  p i n s .  Nozzle  components i n c l u d e  a molded ATJ g r a p h i t e  t h r o a t  
i n s e r t  and  a s i l i c o n e  r u b b e r  n o z z l e  c l o s u r e  which s e a t s  w i t h i n  t h e  i n s e r t .  
D u r i n g  development ,  two f l i g h t w e i g h t  ha rdware  a s s e m b l i e s  were s u b j e c t e d  t o  
h y d r o s t a t i c  p r e s s u r e  t e s t s .  The t e s t  assembly  c o n s i s t e d  o f  s i m u l a t e d  
Model 5 0 1  i g n i t e r  b o d i e s ,  w i t h  p r e s s u r e  t a p s ,  p inned  i n t o  H - 1 1  s t e e l  motor  
c a s e s .  Each case was p r e s s u r i z e d  a t  100 p s i / s e c  u n t i l  f a i l u r e  o c c u r r e d .  
I n  b o t h  t e s t s ,  t h e  s t e e l  s p r i n g  p i n s  s h e a r e d  a t  a p r e s s u r e  g r e a t e r  t h a n  
4000 p s i .  F a i l u r e  p r e s s u r e  i n  t h e  f i r s t  t e s t  was 4300 p s i ;  i n  t h e  s e c o n d ,  
4100 p s i .  These v a l u e s  a r e  w e l l  i n  excess o f  t h e  1150-ps i  maximum o p e r a t i n g  
p r e s s u r e .  
The Model 501 
2 . 5  I G N I T E R  
The  Model 5 0 1  i g n i t e r  c o n t a i n s  two F l a r e - N o r t h e r n  D i v i s i o n  (FND) 
Model 908B e l e c t r i c  s q u i b s ,  w i red  i n  p a r a l l e l ,  and a main c h a r g e  o f  0 .478  
gram o f  FND 2M b o r o n - p o t a s s i u m - n i t r a t e  p e l l e t s .  Glass- t o - m e t a l  s e a l s  
s e c u r e  the  l e a d w i r e  p i n s  w i t h i n  t h e  i g n i t e r  body.  E i t h e r  s q u i b  f u n c t i o n s  
when a d i r e c t  c u r r e n t  o f  a t  l e a s t  1 . 2  amperes  i s  a p p l i e d  t h r o u g h  i t s  2 . 5 - m i l  
n ichrome b r i d g e w i r e .  
A main i g n i t e r  c h a r g e  o f  0 , 7 5  gram o f  2M p e l l e t s  w a s  used  th rough-  
o u t  t he  heavywal l  deve lopment  program. I g n i t i o n  t h r u s t s  i n  t h e  i n i t i a l  f l i g h t -  
w e i g h t  motor f i r i n g s ,  however ,  exceeded  t h e  s p e c i f i c a t i o n  l i m i t  o f  70  pounds 
a t  77°F. Subsequent  f i r i n g s  i n d i c a t e d  t h a t  a r e d u c t i o n  f rom 0 .75  t o  0 .478  
gram would a f f o r d  lower  i g n i t i o n  t h r u s t s  w i t h o u t  d e t r i m e n t a l l y  a f f e c t i n g  
p r o p e l l a n t  i g n i t i o n .  
3. TEST PROGRAM 
3 . 1  STATIC FIRINGS 
3.1.1 T e s t  O b j e c t i v e s  
T h i r t y - f i v e  heavywal l  mo to r s  and 27 f l i g h t w e i g h t  MARC 36A1 m o t o r s  
were s t a t i c - f i r e d  d u r i n g  t h e  program. A l l  mo to r s  were f i r e d  i n  a vacuum 
chamber t e s t  f a c i l i t y  a f t e r  h a v i n g  been  c o n d i t i o n e d  t o  a t e m p e r a t u r e  o f  
20"F, 77°F (74°F f o r  heavywal l  m o t o r s ) ,  o r  130°F. F i g u r e s  10 and 11 show 
a t y p i c a l  f l i g h t w e i g h t  motor  b e i n g  r e a d i e d  f o r  f i r i n g .  Ambient p r e s s u r e  
i n  t h e  t e s t  chamber w a s  r educed  t o  less  t h a n  0.04 p s i a  d u r i n g  t e s t .  
T e s t  o b j e c t i v e s  were a s  f o l l o w s :  
a .  Th i r ty - two  heavywal l  motors ,  LTVD-1 t h rough  - 3 2 ,  were f i r e d  
t o  d e v e l o p  a p r o p e l l a n t  g r a i n ,  n o z z l e  t h r o a t  a rea ,  e x p a n s i o n  
r a t i o ,  and i g n i t e r  c h a r g e  which would r e s u l t  i n  a f l i g h t -  
we igh t  motor c a p a b l e  o f  pe r fo rming  w i t h i n  s p e c i f i c a t i o n  
l i m i t s  e 
b .  Three  heavywal l  m o t o r s ,  LTVD-33, - 3 4 ,  and - 3 5 ,  were f i r e d  
t o  e v a l u a t e  e f f e c t s  o f  c a n d i d a t e  the rma l  b a r r i e r s  and r educed  
i g n i t e r  c h a r g e  a t  130°F. 
c .  T h r e e  f l i g h t w e i g h t  moto r s ,  X-1, - 5 ,  and - 6 ,  were f i r e d  t o  
e v a l u a t e  e f f e c t s  o f  c a n d i d a t e  t h e r m a l  b a r r i e r s  and reduced  
i g n i t e r  c h a r g e  a t  20°F and 130°F.  
d .  Nine  f l i g h t w e i g h t  m o t o r s ,  LTV-1 th rough  - 9 ,  were f i r e d  i n  
f u l f i l l m e n t  o f  c o n t r a c t u a l  r e q u i r e m e n t s  f o r  a n i n e - r o u n d  
f l i g h t w e i g h t  deve lopment  t e s t  s e r i e s .  
e .  F i f t e e n  f l i g h t w e i g h t  moto r s ,  PFRT-1 th rough  PFRT-15, were 
f i r e d  t o  comple t e  program r e q u i r e m e n t s  f o r  P r e f l i g h t  
R a t i n g  T e s t s  (PFRT). 
B a l l i s t i c  c r i t e r i a ,  a s  s e t  f o r t h  i n  LTV S p e c i f i c a t i o n  304-411, 
were  a s  f o l l o w s :  
Figure 10. Installation of Rocket Motor on Thrust Stand. 
a 5 2 5 8  
Figure 11. Installation of Instrumented Motor into Diffuser Tube. 
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a .  A minimum t o t a l  impu l se  o f  75 pound-seconds  o v e r  t h e  tempera-  
t u r e  r a n g e  from 20°F t o  130°F. 
b .  A nominal web b u r n i n g  t i m e  of  1 . 0  second a t  77°F. 
c .  A maximum i g n i t i o n  t h r u s t  peak o f  70 pounds a t  77°F. 
d .  A maximum p r o g r e s s i v i t y  r a t i o  (F /F ) o f  1 .3  a t  77OF. 
e .  A maximum t a i l o f f  t i m e  of 0.200 second a t  77°F. 
max i g n  
3 . 1 . 2  T e s t  R e s u l t s  
B a l l i s t i c  d a t a  summaries a r e  p r e s e n t e d  f o r  t h e  heavywal l  m o t o r s ,  
t h e  t h r e e  X-Ser i e s  f l i g h t w e i g h t  m o t o r s ,  t he  f l i g h t w e i g h t  development m o t o r s ,  
and t h e  PFRT moto r s  i n  T a b l e s  111, I V ,  V ,  and V I ,  r e s p e c t i v e l y .  Case  s k i n  
t e m p e r a t u r e s  from t h e  f l i g h t w e i g h t  development f i r i n g s  and t h e  PFRT f i r i n g s  
a re  p r e s e n t e d  i n  T a b l e s  V I 1  and V I I I .  F i g u r e  12 d e p i c t s  t y p i c a l  t h r u s t - t i m e  
r e s p o n s e s  from a f l i g h t w e i g h t  motor a t  20"F, 77"F, and 130°F. 
Des ign  changes  e f f e c t e d  as a r e s u l t  o f  t h e  f i r s t  32  heavywal l  
motor f i r i n g s  a re  d i s c u s s e d  i n  S e c t i o n  2.0.  A t  t h e  end of t h i s  se r ies ,  
a l l  pe r fo rmance  r e q u i r e m e n t s  were b e i n g  met e x c e p t  f o r  p r o g r e s s i v i t y  r a t i o s  
g r e a t e r  t h a n  t h e  a l l o w a b l e  maximum of  1 .3  a t  77°F. A f t e r  r e v i e w i n g  t h e s e  
r e s u l t s ,  Ling-Temco-Vought a u t h o r i z e d  t h e  i n i t i a t i o n  o f  f l i g h t w e i g h t  
deve lopment  t e s t i n g .  
The f i r s t  two f l i g h t w e i g h t  development m o t o r s ,  LW-2 and LTV-3, 
were f i r e d  on  May 13, 1965,  a t  77°F. Both m o t o r s  m a l f u n c t i o n e d  i n  a s i m i -  
l a r  f a s h i o n .  Motor LTV-2 burned  f o r  0.419 s e c o n d ,  a t  which t i m e  t h e  motor  
case r u p t u r e d ;  i n  L w - 3 ,  t h e  t i m e  o f  f a i l u r e  w a s  0.572 second .  P o s t - t e s t  
a n a l y s i s  showed t h e  c a u s e  o f  f a i l u r e  i n  b o t h  m o t o r s  t o  b e  o v e r h e a t i n g  o f  t h e  
case a d j a c e n t  t o  t h e  keyway s l o t  i n  t h e  g r a i n .  The s o l u t i o n  t o  t h i s  
problem was t h e  a d o p t i o n  o f  a V-44 thermal  b a r r i e r  o v e r  t h e  s l o t  as d i s -  
c u s s e d  i n  S e c t i o n  2 . 3 . 3 .  E x c e s s i v e  i g n i t i o n  peaks  of  78 .50  and 81 .07  pounds 
were a l s o  o b t a i n e d  i n  t h e  two f i r i n g s .  
To r e d u c e  t h e  i g n i t i o n  t h r u s t  i n  f l i g h t w e i g h t  m o t o r s ,  t h e  amount 
of  b o r o n - p o t a s s i u m - n i t r a t e  2 M  p e l l e t s  was d e c r e a s e d  from 0 .75  t o  0 .478  gram. 
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Table 111. Ballistic Data Summary for  MARC 36A1 Heavywall Tests.  
a 5 6 3 4  
I Motor 1 Grain ' I Date 
Number Number 2/65 
LTVD-1 2631-30B 15 
LTVD-2 2631-30A 15 
LTVD-5 a 2631-328 23 
LTVD-7 2631-33A 26 
LTVD-31 2808-R2-31B 5-11 
LTVD-3 2631-3OC 16 
LTVD-4 2631-32C 22 
LTVD-6' 2631-33C 26 
LTVD-9 2631-358 5 
LTVD-10' 2631-35A 5 
LTVD-13' 394T-2E 23 
LTVD-14h 394T-2A 23 
LTVD-17 394T-1B 26 
LTVD-18 394T-1C 31 
LTVD-19 399T-1C 9 
LTVD-20 309T-1B 13 
LTVD-21' 404T-2A 22 
LTVD-22 404T-2B 22 
LTVD-23k 2806-45A 26 
LTVD-24 2808-47C 26 
LTVD-25 2808-47A 26 
LTVD-26 2808-47D 27 
LTVD-27 2808-R2-338 5-9 
LTVD-28 2808-R2-33C 5-9 
LTVD-29 2808-R2-33D 5-11 
LTVD-30 2608-W-34A 5-11 
LTVD-6 2631-33B 26 
LTVD-11 2631-33D 5 
LTVD-12 2631-35D 5 
LTVD-15 394T-28 23 
LTVD-16h 394T-2D 23 
LTVD-32 2808-R2-32A 5-11 
LTVD-33 2808-RZ-35C 5-16 
LTVD-34 2808-RZ-37C 5-16 
LTVD-35 2808-RZ-35D 5- 16 






20°F MOTOR TEMPERATURE 
0.9976 0.0415 0.0404 0.016 
0.9976 0.0404 0.0406 0.012 
0.9348 0.0414 0.0382 0.021 
0.9366 0 0350 0.0350 0.033 
0.0590 0.0454 0.0420 0.008 
0.020 1.214 
0.014 1.161 
0.034 - - -  
0.050 1.271 
0.016 1.088 
_--  0.4119 
--- 0.4272 













































0.0415 0.0414 0.021 
0.0415 0.0414 0.022 
0.0345 0.0324 0.036 
0.0320 0.0317 0.005 
0.0313 0.0311 0.006 
0.0473 0.0473 0.010 
0.0468 0.0464 0.005 
0.0598 0.0568 0.007 
0.0560 0.0556 0.008 
0.0454 0.0469 0.008 
0.9643 0.0398 0.0432 0.009 
0.9366 0.0552 0.0524 0.007 
0.9642 0.0554 0.0523 0.005 
0.9366 0.0368 0.0353 0.009 
0.9590 0.0370 0.0362 0.007 
0.9591 0.0426 0.0401 0.006 
0.9643 0.0447 0.0419 0.006 
0.9368 0.0452 0.0414 0.007 
0.9642 0.0452 0.0426 0.011 
0.9590 0.0452 0.0419 0.008 
0.9368 0.0451 0.0419 0.008 
130°F MOTOR TEMPERATURE 
0.9555 0.0350 0.0337 0.068 
0.9642 0.0316 0.0314 0.013 
0.9590 0.0314 0.0319 0.019 
0.9642 0.0470 0.0468 0.005 
0.9366 0.0471 0.0464 0.008 
0.9642 0.0452 0.0426 0.006 
0.9642 0.0449 0.0410 0.040 
0.9590 0.0449 0.0412 0.035 

































- - -  --- 
0.095 0.4416 



























Table 111. Ballistic Data Summary for MARC 36A1 Heavywall Tests.  (Cont'd) 
Fb 
(Ib) 
a 5 6 3 5  
Progressivity '0.0 t)'Pdt(o-o) ISP CD 
Ratio (lb-sec) (psia-sec) (111-sec/lb) (lb/lb-sec) 
I Motor I 'max I 'b 











LTVD- 13 1204 
LTVD-14 1268 
LTVD-11 1073 


































































































20" F MOTOR TEMPERATURE 
63.60 0.981 79.28 1141 
66.22 0.843 19.17 1127 
_ _  1.662 _ - _  ._. 
60.88 1.189 19.31 1314 
69.57 1.351 17.16 1037 
14- F MOTOR TEMPERATURE 
63.35 1.185 78.38 1123 
51.03 1.000 78.20 1154 
... _ _  - _ _ _  1.160 
6 5.66 1.154 19.51 1415 
60.45 0.914 72.11 1462 
82.13 1.151 19.61 1064 
87.00 1.254 18.30 1063 
18.09 1.413 18.24 886.2 
78.88 1.358 78.15 874.2 
63.m 1.202 13.92 944.3 
64.01 1.193 14.61 1051 
91.16 1.272 14.51 850.5 
89.72 1.326 16.80 859.5 
18.63 1.131 18.85 1362 
16.84 1.112 78.88 1294 
75.22 1.126 78.55 1127 













































253.8 - 7521 1.385 17.09 - 
73.11 1.301 16.82 1036 252.9 0.00611 
13.02 1.397 71.35 1050 254.6 0.00665 
77.34 1.291 11.15 1053 253.9 0.00666 
130°F MOTOR TEMPERATURE 
65.96 1.194 18.31 1341 
68.10 1.449 19.91 1471 
10.61 1.053 80.56 1496 
86.31 1.042 79.60 1034 
90.04 1.383 18.30 1027 
16.91 1.333 17.62 - 
73.14 1.294 14.58 - 
13.68 1.351 14.61 - 



















a. Inhibitor and spacer discharge on tail-off. 
b. Indication of spacer discharge at  0.877 sec from 1st indication. 
c. Pressure data lost. 
d. Pressure tap plugged at  1.036 seconds after to; Pdt(O-O) unattainable. 
e. Pressure data not valid; pressure returned to balance prior to 0 thrust. 
1. Motors LTVD-9, -10, -11, -12, -13, and -15 contained slotted-tube grains; other motors contained key-hole grains. 
g. Cap was left on diffuser tube: data may be erroneous. 
h. Inhibitor fragments discharged through nozzle. 
1. Batch Number 2631, Arcite 4278; Batch Number 394T, Arcite 486. 
J. Inhibitor discharge at web burnout. 
k. Inhibitor discharge near end of tail-off. 
1. Batch 3991, Arcite 486A; Batch 404T. Arcite 466: Batch 2808, Arcite 421B. 
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Grain Date Web *e ~ Before After td ti tb $ail-off 








LTV- Zb 2808-RZ-34B 
LTV-3' 2808-RZ-28C 
- 
'b Fign Fmax Fb Progressivi ty  '0-0 s p d t  (O-O) *sp (O-O) 'D C* 'tunnel 































20°F MOTOR TEMPERATURE 
0.9503 0.0452 0.0430 0.007 
0.9503 0.0452 0.0430 - -  
0.9503 0.0452 0.0430 0.005 
17°F  MOTOR TEMPERATURE 
0.9503 0.0452 0.0435 0.008 
0.9503 0.0456 - -  0.006 
0.9503 0.0456 -- 0.007 
130°F MOTOR TEMPERATURE 
0.9503 0.0452 0.0450 0.010 
0.9503 0.0452 0.0449 0.004 
0.9503 0.0452 0.0434 0.005 
0.011 









_ _  
1.080 
1.052 
- -  





- -  
0.078 
0.095 
_ _  









_ _  





LTV-5= - -  
LTV-6 951.4 
LTV-1 945.5 
L T V - Z ~  -- 

















_ _  








_ _  




20°F MOTOR TEMPERATURE 
1.251 15.18 1004 
_ -  -- - _  
1.251 15.90 1054 
17°F  MOTOR TEMPERATURE 
1.201 16.79 1010 
_ -  _ _  - -  
_ _  _ _  - -  
130°F MOTOR TEMPERATURE 
1.181 16.50 1046 
1.165 76.30 1038 
1.256 76.18 1023 
256.4 
_ _  
256.8 
251.9 
- -  





_ _  
0.00636 
0.00664 
_ _  





_ _  
5059 
4845 
_ _  





_ _  
0.0165 
0.0184 
_ _  





_ _  
1108 
1082 
_ _  




a. Igniter f i red but grain failed to ignite, ( n o  2M pellets in igniter). 
b. Motor case  ruptured and burning terminated at 0.419 second, ( n o  V-44 thermal  barr ier) .  
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Case Temperature (OF) 
Time TIC 1 TIC 2 TIC 3 
LTV-6 
LTV- 1 
1 LTV- 2 











Ignition 57 71 68 
Web Burnout 57 71 123 
3.3 sec. 61 75 227 
Ignition 57 64 54 
Web Burnout 57 68 15 
9.8 sec 92 68 14 7 
Ignition 71 71 71 
Web Burnout 71 75 75 
20.0 sec 102 85 133 
Ignition 70 70 70 
0.423 sec* 1005 14 7 73 
Igni tion 73 73 73 
0.568 sec* 288 258 73 
Ignition 82 64 85 
Web Burnout 82 64 85 
18.5 sec 92 85 137 
Ignition 78 64 78 
Web Burnout 82 64 85 
15.9 sec 92 120 157 
Ignition 78 64 78 
Web Burnout 78 68 82 
20.0 sec 92 85 109 
* Time of Failure 
Thermocouple Locations 
Motors LTV-2.3 Motors LTV 1,4,5.6,7,8,9 
L T / C  1 and T/C 2 T/C 2 and T/C 3 
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Table VIII. Case Skin Temperatures from Preflight Rating Firings. 
Motor 
Number 
Motor Case Temperature (OF) Temp era ture 
(OF) Time TIC 1 TIC 2 TIC 3 
PFRT- 1 2 0  I g n i t i o n  71 85 85 
Web Burnout 71 85 88 
26.2 sec  88 1 09 257 
PFRT-3 77 
PFRT 4-12 130 
PFRT 4-13 130 
PFRT 4-14 130 
PFRT Q- 15 13 0 
Motors PFRT -1,3 
Ign i t ion  92 88 102 
Web Burnout 99 102 106 
23.5 sec  14 0 153 377 
I g n i t i o n  102 102 92 
Web Burnout 106 102 113 
2.1 sec  113 106 153 
Ign i t ion  109 106 109 
Web Burnout 109 113 133 
23.7 sec 14 0 164 45 8 
Ign i t ion  106 102 110 
Web Burnout 126 102 15 7 
14.7 sec 150 14 0 458 
Ign i t ion  109 106 116 
Web Burnout 120 106 116 
22.1 sec 170 160 3 74 
Thermocouple Locations 
Motors PFRT 4-12,13,14,14615 
@ F . 2  @ 80 0 4  ,\ v-.,.=3 





















Both t h i s  change  and t h e  a d d i t i o n  o f  t h e  g r a i n  s l o t  i n s u l a t o r  were e v a l u a t e d  , 
i n  heavywal l  motor f i r i n g s  LTVD-33, - 3 4 ,  and -35 and i n  f l i g h t w e i g h t  motor  
f i r i n g s  X - 1 ,  -5,  and - 6 .  Test  r e s u l t s  v e r i f i e d  the  a c c e p t a b i l i t y  of b o t h  
c h a n g e s .  A l l  s i x  i g n i t i o n  peak  v a l u e s  were less  t h a n  t h e  s p e c i f i c a t i o n  
maximumof 70 pounds a t  77OF. I g n i t i o n  t h r u s t s  i n  t h e  t h r e e  130°F heavy- 
w a l l  f i r i n g s  were 61 .08 ,  6 1 . 9 2 ,  and 6 4 . 1 3  pounds.  I n  t h e  X - S e r i e s  t e s t s ,  
a n  i g n i t i o n  t h r u s t  o f  5 9 , 6 8  pounds was measured a t  20°F, and v a l u e s  o f  
6 8 . 7 3  and 61 .12  pounds were o b t a i n e d  a t  130°F.  F l i g h t w e i g h t  c a s e  s k i n  
t e m p e r a t u r e s  i n  the a r e a  o v e r  t h e  g r a i n  s l o t  were a l s o  s i g n i f i c a n t l y  l e s s  
t h a n  i n  LW-2 and -3 .  
I n s p e c t i o n  of moto r s  X - 1  and X - 5  a f t e r  t e s t  r e v e a l e d  t h a t  t h e  
n o z z l e  e x i t  c o n e s  had burned  th rough .  (See  F i g u r e  13.)  These  c a s e s  were  
known not t o  have  been  machined p r o p e r l y .  A s  a r e s u l t ,  t h e  w a l l  t h i c k n e s s  
i n  t h e  burn- through area was u n d e r s i z e .  C o r r e c t i v e  s t e p s  were  t a k e n  by 
t h e  hardware  m a n u f a c t u r e r  t o  i n s u r e  t h a t  s u b s e q u e n t  c a s e s  conformed t o  
d r a w i n g  t o l e r a n c e s .  The b u r n - t h r o u g h  had no a p p a r e n t  e f f e c t  on moto r  
per formance  i n  e i t h e r  f i r i n g .  To p r e v e n t  a s i m i l a r  f a i l u r e  i n  moto r  X-6, 
a coppe r  p i l l o w  b l o c k  was p l a c e d  around t h e  n o z z l e  t o  s e r v e  as  a h e a t  s i n k .  
F o l l o w i n g  c o n f i r m a t i o n  o f  t h e  d e s i g n  c h a n g e s  d e s c r i b e d  above ,  
t h e  f l i g h t w e i g h t  deve lopment  program w a s  resumed. S i x  o f  t h e  s e v e n  r ema in -  
i n g  motors per formed n o r m a l l y ,  y i e l d i n g  a c c e p t a b l e  b a l l i s t i c  d a t a .  The 
s e v e n t h  motor ,  LW-5 ,  f a i l e d  t o  i g n i t e  a f t e r  i t s  s q u i b  f u n c t i o n e d  n o r m a l l y .  
P o s t - t e s t  examina t ion  of t h e  i g n i t e r  c l e a r l y  showed t h a t  no 2M p e l l e t s  had 
been  loaded i n t o  t h e  c h a r g e  chamber. The chamber c o n t a i n e d  n e i t h e r  p e l l e t s  
n o r  r e s i d u e  and showed no s i g n s  o f  i n t e r n a l  b u r n i n g ,  F u r t h e r ,  i n  f i r i n g  
LTV-5, the i g n i t i o n  c u r r e n t  had been  a p p l i e d  o n l y  t o  o n e  s q u i b .  The h e a t  
g e n e r a t e d  by combust ion  o f  t h e  p e l l e t s ,  i f  t h e r e  had  been  a n y ,  would most  
c e r t a i n l y  have  cooked-o f f  t h e  second  s q u i b .  However, t h i s  s q u i b  was 
r e c o v e r e d  i n t a c t .  I n s p e c t i o n  s u r v e i l l a n c e  o f  t h e  p e l l e t  l o a d i n g  p r o c e d u r e  
was i n t e n s i f i e d  t o  i n s u r e  t h a t  t h e  e r r o r  was n o t  r e p e a t e d .  
A l l  15 PFRT m o t o r s  i g n i t e d  and  burned  f u l l  d u r a t i o n  w i t h o u t  
i n c i d e n t .  B a l l i s t i c  d a t a  were  w i t h i n  s p e c i f i c a t i o n  l i m i t s  e x c e p t  f o r  
4 
9554- 2 
Figure 13. Expended Flightweight Motor Cases with Burned 
Through Thin- Walled Nozzles. m5164 
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(1) low i m p u l s e s  i n  two motors  w i t h  d i s c r e p a n t ,  l i g h t w e i g h t  g r a i n s ,  and 
( 2 )  h i g h  i g n i t i o n  t h r u s t s  i n  f o u r  PFRT f i r i n g s .  
P r o p e l l a n t  w e i g h t s  i n  PFRT-1 and -3  were 1 3 1 . 6  and 1 3 1 . 5  grams,  
r e s p e c t i v e l y .  The minimum a l l o w a b l e  p r o p e l l a n t  w e i g h t  i s  132 .0  grams.  
Ling-Temco-Vought, however ,  had waived t h e  two motors  t o  p e r m i t  t h e i r  
u s e  a s  backup e n v i r o n m e n t a l  t e s t  u n i t s ,  The l i g h t w e i g h t  g r a i n s  r e s u l t e d  
i n  t o t a l  d e l i v e r e d  i m p u l s e s  o f  74.64 and 74.88 pound-seconds ,  v a l u e s  
s l i g h t l y  below t h e  minimum l i m i t  o f  75 pound-seconds.  
S p e c i f i c a t i o n  304-411 s t i p u l a t e s  t h a t  a l l  f l i g h t w e i g h t  and PFRT 
m o t o r s  be f i r e d  w i t h  t h e i r  n o z z l e s  v e n t e d  t o  a s i m u l a t e d  h i g h - a l t i t u d e  
atmosphere.  Nozzle  c l o s u r e s  were t h u s  o m i t t e d  from a l l  PFRT m o t o r s  e x c e p t  
PFRT-4, - 5 ,  and -6 .  C l o s u r e s  were i n c l u d e d  i n  t h e s e  u n i t s  t o  o b t a i n  i g n i -  
t i o n  t r a n s i e n t  d a t a  f o r  compar ison  w i t h  e q u i v a l e n t  d a t a  from m o t o r s  w i t h o u t  
c l o s u r e s .  'Two o f  t h e  f o u r  e x c e s s i v e  i g n i t i o n  peaks  were o b t a i n e d  i n  t h e  
f i r i n g  o f  m o t o r s  PFKT-5 and - 6 ,  b o t h  o f  which c o n t a i n e d  c l o s u r e s .  The peaks  
i n  t h e s e  f i r i n g s  were a t t r i b u t e d  t o  t h e  i n c r e a s e d  i n i t i a l  p r e s s u r e  b u i l d u p s  
caused  by t h e  c l o s u r e s .  No d e f i n i t i v e  c a u s e ,  however ,  c o u l d  b e  d e t e r m i n e d  
f o r  t h e  e x c e s s i v e  i g n i t i o n  v a l u e s  i n  PFRT-3 and - 7 .  A c o n t r i b u t i n g  f a c t o r  
i n  PFRT-3 may have been  t h a t  e n v i r o n m e n t a l  t e s t i n g  o f  t h i s  u n i t  had c a u s e d  
f u r t h e r  g r a n u l a t i o n  of  t h e  2M i g n i t i o n  p e l l e t s ,  t h u s  e x p o s i n g  more b u r n i n g  
s u r f a c e .  
3 2 ENVIRONMENTAL TESTS 
F l i g h t w e i g h t  m o t o r s  were t e m p e r a t u r e  c o n d i t i o n e d  f o r  a t  l e a s t  
e i g h t  hours  b e f o r e  t e s t ;  h e a v y w a l l  m o t o r s  f o r  a t  l e a s t  f o u r  h o u r s .  I n  a d d i -  
t i o n ,  t h r e e  o f  t h e  f l i g h t w e i g h t  development  m o t o r s ,  LTV-1, LTV-4, and LTV-7, 
were thermal  c y c l e d  b e f o r e  f i n a l  t e m p e r a t u r e  c o n d i t i o n i n g .  C y c l i n g  con-  
s i s t e d  o f  t h r e e  h o u r s  a t  e a c h  o f  t h e  f o l l o w i n g  t e m p e r a t u r e s  i n  s u c c e s s i o n :  
20°F, 130aF,  2O"F, and 130'F. A f t e r  f i n a l  c o n d i t i o n i n g ,  e a c h  motor  was 
t r a n s p o r t e d  t o  t h e  t e s t  f a c i l i t y  i n  a s e a l e d ,  t h e r m a l l y  s t a b l e  c o n t a i n e r .  
Maximum time between removal of  a motor  f rom t h e  c o n t a i n e r  and i g n i t i o n  
was 10  m i n u t e s .  
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B e f o r e  f i r i n g ,  s i x  PFRT moto r s  were s u b j e c t e d  t o  e n v i r o n m e n t a l  
t e s t s  o f  v i b r a t i o n ,  shock ,  a c c e l e r a t i o n ,  and d rop  i n  a c c o r d a n c e  w i t h  LTV 
S p e c i f i c a t i o n  304-411. These t e s t s  were conduc ted  a t  Uni ted  A e r o t e s t  
L a b o r a t o r i e s ,  I n c . ,  Deer P a r k ,  Long I s l a n d ,  N e w  York. Four of t h e  s i x  
u n i t s  were s p e c i f i c a l l y  d e s i g n a t e d  as q u a l i f i c a t i o n  r o u n d s ;  t h e  o t h e r  
two, PFRT-1 and - 3 ,  c o n t a i n e d  d i s c r e p a n t  p r o p e l l a n t  w e i g h t s  and were 
t h u s  d e s i g n a t e d  as  backup m o t o r s .  The env i ronmen ta l  t e s t s  a r e  d e s c r i b e d  
b r i e f l y  below: 
a .  A c c e l e r a t i o n  - Each motor was a c c e l e r a t e d  a t  3 g ' s  f o r  o n e  
minu te  a l o n g  i t s  l o n g i t u d i n a l  a x i s  and a t  25 g ' s  f o r  one  
m i n u t e  a l o n g  i t s  t r a n s v e r s e  and normal a x e s .  
b .  Shock - Each motor was s u b j e c t e d  t o  a shock  o f ' 3 0  t o  35 
g ' s  f o r  a d u r a t i o n  o f  11 p l u s  o r  minus 1 m i l l i s e c o n d .  
Three  s h o c k s ,  i n  each o f  t h r e e  m u t u a l l y  p e r p e n d i c u l a r  a x e s ,  
were a p p l i e d  w i t h  t h e  n o z z l e  end down and t h r e e  w i t h  t h e  
head end down. T o t a l  number o f  shocks  f o r  each  u n i t  was 
t h u s  e i g h t e e n .  A permanent r e c o r d  o f  t h e  shock p u l s e  wave 
form w a s  made f o r  each  motor a t t i t u d e .  
c. Drop - Each motor was c r a t e d  and dropped once  i n  e a c h  of 
t h r e e  m u t u a l l y  pe rpend . i cu la r  a x e s .  
on  a h a r d  c o n c r e t e  s u r f a c e  from a h e i g h t  of 36 i n c h e s .  
The motor w a s  dropped 
d .  V i b r a t i o n  - Each r o c k e t  motor was f i r s t  s u b j e c t e d  t o  s i n u s -  





T r a n s v e r s e  
and normal 
Longi  t ud  i n a  1 
5 -  10 
10-50 
50-500 
5 00- 2 000 
5-  10 
10-50 
5 0-500 
5 00- 2 000 
Amp 1 i t u d e  
0.4 i n c h  d . a .  
2 . 0  g ' s  
9 . 0  g ' s  
18 .0  g ' s  
0 . 2  i n c h  d . a .  
1 . 0  g ' s  
2 . 0  g ' s  
4.0  g ' s  
F o r  each  a x i s ,  t h e  motor was v i b r a t e d  i n  a s i n u s o i d a l  l o g a r i t h m i c  sweep  
o f  2 . 0  o c t a v e s / m i n u t e  from 5 t o  2000 cps.  The v i b r a t i o n  was mon i to red  w i t h  
o n e  f i l t e r e d  c o n t r o l  a c c e l e r o m e t e r .  
A f t e r  s i n u s o i d a l  v i b r a t i o n ,  each  motor  was 
v i b r a t i o n  c o n s i s t i n g  o f  w h i t e  g a u s s i a n  n o i s e  o f  0.07 
from 2 0  t o  2000 c p s .  The moto r s  were v i b r a t e d  a l o n g  
p e r p e n d i c u l a r  a x e s .  B e f o r e  t e s t i n g  i n  a n y  a x i s ,  t h e  
and a s h o r t  r u n  r e c o r d e d  on  t a p e .  The t a p e  was t h e n  
s u b j e c t e d  t o  random 
g Icps f o r  4 m i n u t e s  
e a c h  o f  t h r e e  m u t u a l l y  
s p e c t r u m  w a s  e q u a l i z e d ,  
a n a l y z e d ,  and t h e  
2 
r e s u l t s  d i s p l a y e d  o n  a n  X-Y p l o t t e r .  
used  i n  t h e s e  t es t s .  
One c o n t r o l  a c c e l e r o m e t e r  was a l s o  
V i s u a l  and r a d i o g r a p h i c  i n s p e c t i o n  of t h e  s i x  m o t o r s  d i s c l o s e d  
no e v i d e n c e  o f  p h y s i c a l  damage o r  o t h e r  d e t r i m e n t a l  e f f e c t s  as  a r e s u l t  
o f  t h e  env i ronmen ta l  t e s t s .  S q u i b  r e s i s t a n c e s ,  measured b e f o r e  and a f t e r  
e a c h  t es t ,  were found t o  be w i t h i n  t h e  t o l e r a n c e  l i m i t s  o f  0.65 and 1 .00  ohm. 
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4, €?PLIABILITY AND DOCUMENTATION REVIEW 
4.1  RELIABILITY REVIEW 
The d e s i g n  o f  t h e  MARC 36A1 r o c k e t  motor w a s  s u b j e c t e d  t o  a r e l i a -  
b i l i t y  r e v i e w  b e f o r e  i n i t i a l  release o f  manufac tu r ing  d rawings .  I t e m s  
cove red  i n c l u d e d :  
a .  P a r t s  and mater ia ls  -- their  s e l e c t i o n ,  a p p l i c a t i o n ,  and 
d e f i n i t i o n  
b .  T o l e r a n c e s  and d imens ion ing  
c .  S t r e s s e s  and e n v i r o n m e n t a l  s a f e t y  marg ins  
d .  P r o d u c i b i l i t y  and v a l u e  a n a l y s e s  
e .  Human f a c t o r s  
R e l i a b i l i t y  comments on  t h e s e  i t e m s  were s u b m i t t e d  t o  program management, 
d e s i g n  e n g i n e e r i n g ,  and p r o c e s s  e n g i n e e r i n g  a t  a d e s i g n  r e v i e w  mee t ing  o n  
March 1 7  and 18, 1965, Agreement was reached  o n  s e v e r a l  changes  p r o v i d i n g  
f o r :  (1) a c l e a r e r  d e f i n i t i o n  of  d e s i r e d  c h a r a c t e r i s t i c s ;  ( 2 )  f u r t h e r  
i n v e s t i g a t i o n  o f  c a s e  c o r r o s i o n  - r e s i s t a n c e  t r e a t m e n t ;  ( 3 )  t e s t i n g  o f  
i g n i t e r  b o d y - t o - c a s e  p i n n i n g .  
4 * 2  RELIABILITY SURVEILLANCE 
Manufac tu re  o f  t h e  p r o p e l l a n t  e x t r u s i o n  d i e  and  s u b s e q u e n t  t e s t  
e x t r u s i o n s  were conduc ted  under  r e l i a b i l i t y  s u r v e i l l a n c e .  C o r r e c t i v e  
a c t i o n s  were e f f e c t e d  t o  e n s u r e  t h a t  d i m e n s i o n a l  t o l e r a n c e s  were main- 
t a i n e d .  These  i n c l u d e d  Q u a l i t y  C o n t r o l  i n s p e c t i o n  o f  d i e s ,  as  w e l l  a s  
f i r s  t - a r  t i c l e  i n s p e c t i o n s  o f  e x t r u d e d  g r a i n s  e 
I n i t i a l  i g n i t e r  a s sembly  o p e r a t i o n s  were mon i to red  t o  a s s u r e  
c o m p l i a n c e . w i t h  r e l i a b i l i t y  p r o v i s i o n s .  F i n a l  assembly  and s t a t i c  f i r i n g  
o f  t h e  n i n e  f l i g h t w e i g h t  deve lopment  motors  and t h e  15 PFRT m o t o r s  were 
w i t n e s s e d  by a Government I n s p e c t o r  and an  A t l a n t i c  R e s e a r c h  R e l i a b i l i t y  
Coord i n a  t o r  I 
. 
4 . 3  RELIABILITY DOCUMENTATION 
b 
R e l i a b i l i t y  documen ta t ion  i s s u e d  d u r i n g  t h e  program i n c l u d e d :  
a .  R e l i a b i l i t y  Program P l a n  
b.  Q u a l i t y  Program P l a n  
c .  R e l i a b i l i t y  Requi rement  s h e e t s  f o r  u s e  i n  i n s p e c t i n g  
pu rchased  and manufac tured  p a r t s  
d .  Manufac tu r ing  and I n s p e c t i o n  Flow C h a r t  showing t h e  
a p p l i c a b l e  p r o c e s s ,  i n s p e c t i o n ,  and t e s t  documents  a t  
l o g i c a l  p o i n t s  i n  t h e  p r o d u c t i o n  sequence  
e .  F a i l u r e  Modes, E f f e c t s ,  and C r i t i c a l i t y  A n a l y s i s  
f .  R e l i a b i l i t y  Assessment  i n d i c a t i n g  90  p e r  c e n t  r e l i a b i l i t y  
w i t h  90  p e r  c e n t  c o n f i d e n c e  f o r  motor  pe r fo rmance  
g .  Motor Log Books f o r  t h e  t e n  d e l i v e r y  u n i t s  
h .  Motor  F o l d e r  Summaries 
4.4 DESIGN AND PERFORMANCE DOCUMENTATION 
I n  a d d i t i o n  t o  t h e  above  r e l i a b i l i t y  documen ta t ion ,  t h e  f o l l o w i n g  
were i s s u e d  c o v e r i n g  motor  d e s i g n  and pe r fo rmance :  
a .  G e n e r a l  Arrangement  Drawing 
b .  Per formance  Manual 
c .  S t r e s s  A n a l y s i s  R e p o r t  
d .  E n g i n e e r i n g  and F a b r i c a t i o n  Drawings  
e .  T e s t  S p e c i f i c a t i o n s  and P r o c e d u r e s  
f a  M a t e r i a l  S p e c i f i c a t i o n  L i s t  
g .  S t a t u s  L i s t  o f  S p e c i f i c a t i o n s  and Q u a l i f i c a t i o n  f o r  
P a r t s  and M a t e r i a l s  
h .  G e n e r a l  P r o c e s s  and P r o c e d u r e s  Manual  
4 
i. P a r t s  L i s t  
j . M a n u f a c t u r i n g  Equipment D e s c r i p t i o n  L i s t  
k .  Model S p e c i f i c a t i o n  
1. Handbook o f  D e s c r i p t i o n ,  O p e r a t i o n ,  Ma in tenance ,  
and Hand l ing  I n s t r u c t i o n s  
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5. CONCLUSIONS AND RECOMMENDATIONS 
The MARC 36A1 r o c k e t  motor d e s c r i b e d  i n  t h i s  r e p o r t  h a s  b e e n  a c c e p t e d  
f o r  s e r v i c e  u s e  by Ling-Temco-Vought, I n c .  A f t e r  r e v i e w  o f  Q u a l i f i c a t i o n  and 
PFRT r e s u l t s  , LTV a u t h o r i z e d  t h e  d e l i v e r y  o f  t e n  f l i g h t w e i g h t  m o t o r s .  T h r e e  
were sh ipped  on J u n e  3 ,  1965,  t o  LTV i n  D a l l a s ,  Texas, f o r  e v a l u a t i o n .  The 
r ema in ing  seven  were sh ipped  t o  Vandenburg A i r  F o r c e  Base ,  C a l i f o r n i a ,  o n  
J u n e  15, 1965. 
1 
Although t h e  c u r r e n t  motor i s  a c c e p t a b l e ,  a r e v i e w  o f  t h e  d e s i g n  
b e f o r e  f u r t h e r  p r o d u c t i o n  would b e  o f  v a l u e .  Motor d e s i g n  and f a b r i c a t i o n  
c o u l d  b e  s i m p l i f i e d  by t a k i n g  a d v a n t a g e  o f  r e c e n t l y  r e l a x e d  e n v e l o p e  c o n s t r a i n t s .  
A n t i c i p a t e d  changes  a r e  e x p e c t e d  t o  r e s u l t  i n  lower  p r o d u c t i o n  c o s t s .  
1. "Development, Q u a l i f i c a t i o n ,  and P r e f l i g h t  R a t i n g  T e s t i n g  o f  t h e  MARC 36A1, 
1-KS-75 S p i n  Motor f o r  t h e  S c o u t  V e h i c l e s "  ( U n c l a s s i f i e d  T i t l e ) ,  A t l a n t i c  
Resea rch  C o r p o r a t i o n ,  J u n e  1965,  R e p o r t  Number TR-PL-8193 (CONFIDENTIAL 
r e p o r t ) .  
38 
GLOSSARY OF BALLISTIC TERMS 
Zero  Time, Time o f  c u r r e n t  a p p l i c a t i o n  
Time from 0 t o  10 p e r  c e n t  F 
td max 
I g n i t i o n  De lay ,  
Time from 0 t o  75 p e r  c e n t  F max I g n i t i o n  T i m e ,  ti 
tb  Burn Time, 
Time from f i r s t  i n d i c a t i o n  of  t h r u s t  
t o  web b u r n o u t  
T a i l o f f  Time, Time from web b u r n o u t  t o  z e r o  t h r u s t  
Burning  Rate ,  r 
I g n i t i o n  P r e s s u r e ,  P 
Maximum P r e s s u r e ,  P 
Average  P r e s s u r e ,  
t a i l o f f  
- 
t /web 
Peak  o f  i n i t i a l  p r e s s u r e  r i s e  
H i g h e s t  p r e s s u r e  e x c l u d i n g  i g n i t i o n  
b 
i g n  
m a  x 
Pd t / t , ,  
'b s 
Maximum t h r u s t  d u r i n g  i g n i t i o n  
F i g n  
I g n i t i o n  T h r u s t ,  
Maximum T h r u s t ,  F 
max 
Fb 
Average  T h r u s t ,  
P r o g r e s s i v i t y  R a t i o  
T o t a l  I m p u l s e ,  I 
0- 0 
H i g h e s t  t h r u s t  e x c l u d i n g  i g n i t i o n  
Jt, Fd t / tb  
/F Fmax i g n  
0 so Fdt  
/W ( P r o p e l l a n t  Weight )  I o - 0  P S p e c i f i c  I m p u l s e ,  I SP 
D i s c h a r g e  C o e f f i c i e n t ,  CD W p / i t  Lo P d t  
- 
C h a r a c t e r i s t i c  Exhaus t  V e l o c i t y ,  0': - Atg Lo P d t  W 
P 
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